Preoperative pulmonary evluation in 88 patients with class 111 or IV mitral valve disease revealed emphysema to be present i o 17. Total operative mortality was 17 percent, 7 percent in patients without emphysema, 65 percent in patients with emphysema (37 percent when generalized throughout both lungs and 89 percent when upper lobe). In patients with mitral valve disease an increase in left atrial pressure is associated with redistribution of blood from the bottom to the top of the lung without a concomitant redistribution of ventilation, producing a ventilation/perfusion imbalance and a low steady state diffusing capacity. Pulmonary emphysema causes a loss of alveolar surface for gas transfer and a low steady state M m g capacity. An increase in left atrial pressure and the resultant ventilation/perfusio imbalance will cause patients with generalized emphysema to have further reduction in an already low diffusing capacity. Patients with upper lobe emphysema cannot redistribute blood to the top of their lungs in respoase to an increase in left atrial pressure, do not develop a ventilation/perfusion imbalance and have an increase in diffusing capacity due to overperfusion of well-ventilated airways. In the postoperative state, patients with upper lobe emphysema do not gain lung units for gas exchange when left atrial pressure decreases, and when they lose additional lung units secondary to fluid lraosudation caused by operative trauma, there may be limited oxygen traosport at a time of increased oxygen demand. The presence of a nonnal or very low steady state diffusing capacity in the preoperative state in a patient with increased left atrial pressure seeondary to mitral valve disease should alert the physician to the possibility of increased surgical risk.
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bnormalities within the lungs of patients with
A mitral valve disease are protean. The effects of acute heart failure on the lung are reversible, but chronic congestive cardiac failure causes permanent morphologic damage and persistent abnormalities of pulmonary function. Furthermore, patients with valvular heart disease of rheumatic origin develop interstitial fibrosis consequent to healing of pneumonitis which accompanied rheumatic carditi~.',~ Acute and recurrent bronchitis occurs with increased frequency in patients with mitral valve disease. The consequences of emphysema coexisting with mitral valve disease has received little attention, and this study was performed to assess these effects. ' Preoperative pulmonary evaluation was performed in 88 class 111 or IV patients with mitral valve disease.Vatients with coexisting aortic valve disease were excluded from the study. Pulmonary function studies included measurement of total lung capacity and its subdivisions by spirometry and helium dilution. Time of eqiiilibration with helium in a closed circuit was determined and expressed as mixing efficiency.' Steady state diffusing capacity was calculated correcting for dead space ventilation.Waximum expiratory flow rates were performed and separate calculations were made for peak flow rate, maximal mid-expiratory flow rate, and forced expiratory volume at ( 1 see) and at (0.75 sec x 40).6+7 Maximal voluntary ventilation was performed for 12 seconds on a 9
liter spirometer and results extrapolated to liters per m i n~t e .~ All studies were performed with the patient seated and results compared to normal standards.6-8 The diagnosis of pulmonary emphysema was based on clinical abnormalities and on changes present on pulmonary function studies and on inspiration and expiration chest roentgenograms.9-11 Measurements performed at cardiac catheterization by standard techniques included cardiac index, left atrial mean pressure, pulmonary arterial mean pressure, pulmonary capillary mean pressure, and right atrial mean pressure. The age, sex and hemodynamic lesion of patients are given in Table 1 , as well as the age and sex of 17 patients with pulmonary emphysema. Twelve patients with emphysema had mitral stenosis and five had mitral stenosis and mitral insufficiency. None of the patients with emphysema had mitral insufficiency alone. In patients without emphysema, mitral insufficiency alone was secondary to disease other than rheumatic heart disease.
Mean values for lung volumes, mixing efficiency, and expiratory flow rates did not vary in relation to the type of mitral valve lesion or in relation to the presence or absence of pulmonary emphysema (Tables 2 and 3 ) . Although some differences existed in mean values, the difference was not significant using paired t analysis.
The mean value for steady state diffusing capacity differed significantly separating patients without emphysema (mean 53 percent * SD 25 percent) from patients with generalized emphysema (mean 25 percent + SD 18 percent; p < 0.01) and from patients with upper lobe emphysema (mean 85 percent k SD 2.5 percent; p < 0.001). Diffusing capacity was also significantly different between patients with generalized emphysema compared to those with upper lobe emphysema, p < 0.001.
Operative mortality for the entire group was 17 percent, for patients without pulmonary emphysema 7 percent, and for patients with pulmonary emphysema 65 percent. Three of the eight patients (37 percent) with generalized emphysema died and eight of nine patients (89 percent) with upper lobe emphysema died. Six of the patients with upper lobe emphysema who died had mitral stenosis and two mitral stenosis and insufficiency. The patient with upper lobe emphysema who survived surgery had mitral stenosis and insufficiency. Two of the three patients with generalized emphysema who died had mitral stenosis and one mitral stenosis and insufficiency. One of the five who survived surgery with generalized emphysema had mitral stenosis and insufficiency and the other four mitral stenosis.
Mean values for hemodynamic measurements varied in relation to the type and severity of mitral valve lesion and not in relation to the presence or absence of emphysema.
Abnormalities within the lungs of patients with mitral valve disease are protean and result secondary to the effects of increased left atrial pressure and primary pulmonary diseases. The resultant effects of increased left atrial pressure on pulmonary function depends upon the condition of the lungs prior to this increase. The effects on preexisting normal lungs were observed only in patients who developed acute mitral insufficiency secondary to papillary muscle dysfunction or myocardial disease or both. Increased left atrial pressure alone is reflected in abnormalities of pulmonary function. All lung volumes are abnormally low; however, there is often a relative sparing of the residual volume and a high residual volume/total lung capacity ratio. 12 The sparing of residual volume reflects a ventilation shift away from the bottom of the lung to higher alveoli which have a larger residual volume per alveolu~.'~ Expiratory flow rates decrease and mixing efficiency is impaired when heart failure occurs secondary to increased left atrial pressure and the steady state diffusing capacity is reduced due to a greater redistribution of blood flow than of ventilation from the bottom to the top of the lungs.
Following valve repair or replacement and the correction of hemodynamic abnormalities, all pulmonary indices revert toward normal ( Fig l ) .
When there is increased left atrial pressure in patients with preexisting abnormalities within the lungs, the magnitude and regional location of disease within the lungs will influence the severity of s y m p t o m s a n d p u l m o n a r y f u n c t i o n abnormality.14 Regardless of the regional location of disease, an increase in interstitial and alveolar fluid will decrease lung volumes. All compartments of total lung capacity are reduced, but in contrast to the patient with preexisting normal lungs, the residual volume is reduced. Regional hypoxia pre- disposes to fluid transudation resulting in filling of large residual air space and reduction of residual volume. When this occurs, the abnormally low mixing efficiency found in patients with obstructive pulmonary disease reverts toward normal. Expiratory flow rates at higher lung volumes increase toward normal due to the improved elasticity afforded the inelastic lung by congestion; expiratory flow rates at lower lung volumes decrease due to the frictional resistance to air flow caused by narrowing of small airways due to increased interstitial pressure secondary to increased interstitial fluid (Fig  2 ) .
Differences in steady state diffusing capacity were helpful in distinguishing between patients with mitral valve disease and increased left atrial pressure without emphysema from those with either generalized emphysema or upper lobe emphysema. In those patients without emphysema blood redistributes from the bottom to the top of their lung in response to an increase in left atrial pressure without a concomitant redistribution of ventilation causing a ventilation/perfusion imbalance and a low steady state diffusing capacity; mean value for these patients was 53 percent + SD 25 percent.
Patients with generalized pulmonary emphysema have a decrease in dihsing capacity due to loss of alveolar surface. When emphysema is generalized throughout both lung fields and mitral valve disease coexists with an increase in left atrial pressure, redistribution of blood flow from the bottom to the top of the lung can occur without concomitant ventilation redistribution causing further reduction in an already low steady state diffusing capacity.
Mean value for these patients was 25 percent + SD 18 percent. Patients who have destruction of small airways and microcirculation in their upper lobes secondary to pulmonary emphysema cannot redistribute blood to the top of their lungs in response to an increase in left atrial pressure. Instead they will have overperfusion of their better ventilated lower zones and the diffusing capacity will increase with an increase in left atrial pressure ( Fig 2 ) . The mean value for steady state diffusing capacity in these patients was 85 percent + SD 25 percent.
Eight of nine patients with the premortem diagnosis of selective upper lobe emphysema died in the early postoperative state and had upper lobe emphysema at postmortem examination. The ninth patient had completed a three-month exercise training program prior to surgery and was placed in the upright position in the postoperative state to assure maximal use of his lower lobes. He had not shown clinical or physiologic improvement during multiple evaluations over three years following surgery.
Patients with increased left atrial pressure secondary to mitral valve disease rectify their ventilation/perfusion imbalance following successful mitral valve surgery. Interstitial fluid clears and the normal apex to base distribution of ventilation and blood flow appears. This correction makes available an increased number of lung units for gas exchange in the postoperative state. Patients with loss of the upper lobe vascular bed due to emphysema cannot redistribute perfusion in response to elevated left atrial pressure and do not have a ventilationlperfusion imbalance in the preoperative state; therefore, in the postoperative state after successful mitral valve repair they do not gain additional lung units by correcting a ventilation/perfusion imbalance. After mitral valve surgery and correction of abnormal hemodynamics, pulmonary blood volume decreases and fluid leaks into the lungs because of operative trauma. This will decrease gas exchange and could create a situation where oxygen transfer cannot keep up with metabolic requirements in patients already limited due to pulmonary emphysema.
The presence of a normal or low steady state 
